Abstract. Real gas effects dominate the hypersonic flow fields encountered by modem day hypersonic space vehicles. Measurement of aerodynamic data for the design applications of such aerospace vehicles calls for special kinds of wind tunnels capable of faithfully simulating real gas effects. A shock tunnel is an established facility commonly used along with special instrumentation for acquiring the data for this purpose within a short time period. The hypersonic shock tunnel (HST1), established at the Indian Institute of Science (IISc) in the early 1970s, has been extensively used to measure the aerodynamic data of various bodies of interest at hypersonic Mach numbers in the range 4 to 13. Details of some important measurements made during the period 1975-1995 along with the performance capabilities of the HST 1 are presented in this review. In view of the re-emergence of interest in hypersonics across the globe in recent times, the present review highlights the suitability of the hypersonic shock tunnel at the IISc for future space application studies in India.
I. Introduction
There has been renewed interest in the field of hypersonics in recent times due to the proposed plans for the development of reusable space planes and aero-assisted space transfer vehicles. The major activity in this direction includes the American NASP, the British HOTOL, the Japanese HOPE and Indian Aerospace plane. This resurgence in hypersonics has spurred active research in many aspects of hypersonic flight encountered by these vehicles. Research in this area can broadly be categorized into computational fluid dynamics (CFD) studies and experimental research in ground-based facilities such as hypersonic wind/shock tunnels capable of simulating the flight conditions in the laboratory.
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Experimental flow field and surface measurements often supply data for the validation of the CFD codes and also help in understanding the hypersonic flow phenomena.
A distinct feature of flight at hypersonic Mach numbers is the occurrence of real gas effects due to the passage of air through the bow shock wave in front of the vehicle which results in the sudden increase of temperature and pressure. The temperature rise is proportional to the square of the speed, for sufficiently high-speed flights. On some parts of the vehicle, such as nose or leading edge, the temperature rise may be high enough even to dissociate and ionize air molecules. This results in the altering of the flow characteristics over the vehicle and constitutes the real gas effects which are very difficult to analyse theoretically. Thus, these effects are often estimated experimentally by simulating the hypersonic flow over scaled-down models of the prototypes.
In a blowdown type hypersonic wind tunnel, the required flow Mach number in the test section is achieved by decreasing the freestream temperature which results in reducing the speed of sound leading to corresponding increase in the Mach number. The upper limit on the Mach number is imposed for a given reservoir temperature by condensation of the test gas in the test section. Thus conventional blowdown type hypersonic wind tunnels are capable of producing high flow Mach numbers but without the accompanying high temperatures to simulate real gas effects. This regime is usually referred to as MachReynolds-simulation (Hornung 1988) in which air may still be considered as a perfect gas. However, this does not provide correct simulation above Mach number 6, since the occurrence of real gas effects is coupled to the temperature. Real gas effects can be effectively simulated by generating air flow in the tunnel with energy matching that in flight of the hypersonic vehicle, and can be achieved by expanding the test gas from a reservoir at very high temperature and pressure through a nozzle. This is achieved in a shock tunnel by using a shock wave to heat and compress the test gas rapidly and expanding the shocked gas through a nozzle to the required Mach number in the test section.
A hypersonic shock tunnel, HST1, established at the Indian Institute of Science (IISc) has been in operation for the past two decades with upgradation of the data acquisition system from time to time. The tunnel has been extensively used for measurements such as aerodynamic forces and heat transfer rates over bodies of interest at Mach numbers varying from 4 to 13. The purpose of the present paper is to review the important contributions made by using the HST1 tunnel along with the description of the instrumentation developed specific to measurements in short duration test facilities. A brief description of the performance capabilities of the shock tunnel is presented before describing the important results obtained. In addition a brief description of the proposed improvements for enhancing the performance capabilities of the shock tunnel along with the proposed new techniques for the flow visualization at hypersonic Mach numbers in the tunnel are presented.
Description of the IISc hypersonic shock tunnel
The hypersonic shock tunnel (Reddy 1978) consists of a shock tube and the wind tunnel sections, as shown in figure la. The corresponding x-t diagram is shown in figure lb and describes the principle of operation. The staock tube is an aluminium tube of 101 mm
